This study assessed the hormonal and psychological responses to a free-throw shooting competition in twelve NCAA Division I female collegiate basketball players. Salivary cortisol, alpha-amylase, and testosterone were collected before and after the competition, in addition to a self-reported measure of anxiety. Using nonparametric statistics, cortisol (Z = -3.06, p = .002) and testosterone (Z = -2.67, p = .008) levels were significantly higher precompetition compared with postcompetition. There were no statistically significant differences between winners and losers for anxiety or hormone responses. Concentration disruption (rho = .63, p = .03) and total competitive anxiety (rho = .68, p = .02) were positively correlated with precompetition cortisol. Concentration disruption also correlated positively with postcompetition cortisol (rho = .62 p = .03) and postcompetition testosterone (rho = .64, p = .03). Future studies are needed to examine the psychological and physiological stress responses of basketball players during different competition tasks.
with excessive anxiety, which may ultimately help athletes and coaches combat the deleterious effects of excessive competition anxiety.
In competitive settings, the manifestations of anxiety are commonly measured as cognitive (e.g., worry) and somatic (e.g., tight muscles) components (as an example, see Znazen, Chtara, Butovskaya, Siala, Messaoud, & Souissi, 2016) . According to the multidimensional theory of competitive anxiety, cognitive and somatic anxiety have distinct relationships with performance that do not completely parallel one another (Martens et al., 1990) .
In response to basketball competition, for example, performance in male players decreased linearly as cognitive anxiety increased, while somatic anxiety showed a U-shaped relationship with performance in female players (Leon-Prados, Fuentes, & Calvo, 2014) . In addition, each athlete likely has a unique zone of arousal where they perform best, a concept that is represented by the model known as the individual zone of optimal functioning (IZOF; Hanin, 2000; Hanin, 2007) . Thus, finding the arousal state for each individual that facilitates performance and sport enjoyment is an important objective for athletes, coaches, and sports practitioners alike.
Physiological responses to anxiety have been analyzed using a wide array of methodologies, some of which include assessment of brain wave and muscle activity, skin conductance, and cardiac autonomic regulation (Hartfield & Kerick, 2007) . Biochemical markers obtained from bodily fluids are also commonly employed to assess stress psychophysiological responses, with cortisol (i.e., hypothalamic-pituitary-adrenal [HPA] axis), testosterone (i.e., androgenic activity), and alpha-amylase (i.e., sympatho-adrenal-medullar system) representing three of the most common indicators (Granger et al., 2007) . The current study focused on these salivary biomarkers as a means of evaluating the psychophysiological stress responses of female basketball players to a competitive task (i.e., free-throw shooting competition).
Several factors have been previously identified as moderators of the stress and hormonal responses to competition. The outcome of a competition is often tied to unique changes in hormone levels, most critically for testosterone. A growing body of research demonstrates that winning a competition, in comparison with losing it, is associated with an acute testosterone elevation, particularly for men (Carré & Olmstead, 2015) . These testosterone responses to competition are supported by theoretical models such as the biosocial status model, which contends that establishing, maintaining, and losing status are dependent on both dominance and stress and that victory would lead to elevated testosterone levels (Mazur, 1985; Robazza et al., 2012) . Mazur (1985) originally proposed a unisex model of dominance behavior, but more recent evidence demonstrates that testosterone changes are less consistent in women, with most studies showing no effect of competition outcome, while the remainder show both increases and decreases in female winners (Carré & Olmstead, 2015) . Although baseline concentrations of testosterone relate to risk taking and aggression in both men and women, testosterone responses to competition seem to be more pronounced in men (Carré & Olmstead, 2015) .
There may be several explanations for Carré and Olmstead's (2015) conclusion that competition-induced changes in testosterone are more pronounced in men. Women's responses to stressful stimuli have previously been described as "tend and befriend," a strategy that emphasizes nurturing offspring and is characterized by a propensity to affiliate with groups (Taylor, & Updegaff, 2000) . This assumption is partially supported by a study with female rugby athletes who experienced pregame rises in testosterone that were correlated with team bonding (Bateup, Booth, Shirtcliff, & Granger, 2002) , and another study with female soccer players that showed positive correlations between pregame salivary testosterone levels and ratings of social connectedness with teammates (Edwards, Wetzel, & Wyner, 2006) . However, others have proposed that women's testosterone responses to challenging situations are often similar to men's (Archer, 2006; Jimenez, Aguilar, & Alvero-Cruz, 2012) . In light of these sometimes conflicting findings, further research is needed to establish the testosterone patterns exhibited by women in response to an array of competitive stimuli.
Cortisol, which is a marker of HPA axis activity, has often been found to rise in anticipation of and during sport competition, with examples of this anticipatory response found across a broad range of sports (Cook, Read, Walker, Harris, & RiadFahmy, 1986; Hellhammer, Wüst, & Kudielka, 2009; Filaire, Le Scanff, Duche, & Lac, 1999; Filaire, Sagnol, Ferrand, Maso, & Lac, 2001; Guezennec, Lafarge, Bricout, Merino, & Serrurier, 1995) . Another hormone that is commonly employed to assess the psychophysiological response to stress is salivary alpha-amylase. Salivary alpha-amylase demonstrates a sympathetic-like response by increasing immediately after competition and rapidly declining thereafter (Capranica et al., 2012; Chiodo et al., 2011) . Together, salivary alpha-amylase and cortisol have been proposed as objective indicators of stress that demonstrate separate but overlapping response profiles (Granger et al., 2007; Nater et al., 2005) . Furthermore, others have found that salivary cortisol positively relates to competition anxiety in sport (Filaire et al., 2001; Haneishi, Fry, Moore, Schiling, Li, & Fry, 2007) .
In varied sporting populations, researchers have examined how different situational factors, such as game location (i.e., home vs. away), game outcome (i.e., win vs. loss), and competition type (i.e., practice vs. competition), affect anxiety and hormonal responses. Some research, for instance, has supported that away games induce different hormonal responses to competition when compared with home games (Arruda et al., 2014; Cunniffe, Morgan, Baker, Cardinale, & Davies, 2015) . In literature looking at game outcome, there is support that winners tend to have lower cortisol levels (Bateup et al., 2002) and higher testosterone levels (Mazur, Booth, & Dabbs, 1992) postcompetition. Findings from other studies, however, have been mixed, depending on the type of sport and timing of the collection (pre-vs. postcompetition). Indeed, some investigations have showed higher cortisol levels in losers before and after competition (Filaire, Alix, Ferrand, & Verger, 2009; Lautenbach, Laborde, Klamfl, & Achtzehn, 2015) , higher cortisol in winners before competition (Balthazar, Garcia, & Spadari-Bratfisch, 2012; Suay et al., 1999) , or no significant differences between winners and losers (Oliveira, Gouveia, & Oliveira, 2009 ). In terms of competition type, elite golfers experienced elevated cortisol, competitive anxiety, and increased heart rate during competition compared with practice (McKay, Selig, Carlson, & Morris, 1997) . These studies represent only a small sampling of work in this area, and findings from other investigations are by no means in complete congruence. However, these investigations provide justification for examining how various situational factors modify the hormonal response to competition.
Basketball is a sport that imposes both physical and psychological stress for competitors. To date, several investigations have chronically examined hormonal changes in basketball players over the course of a season or intervention (Büyükyazi, Karamizrak, & Islegen, 2003; Hoffman, Epstein, Yarom, Zigel, & Einbinder, 1999; Martínez et al., 2010) . Relatively less research, however, is available to describe the acute hormonal responses to basketball play (Ben Abdelkrim, Castagna, El Fazaa, Tabka, & El Ati, 2009; Gonzalez-Bono, Salvador, Serrano, & Ricarte, 1999) , particularly with respect to tasks and skill performance associated primarily with psychological stress (e.g., free-throw shooting). Given the scarcity of research in this area, the purpose of this study was to assess the hormonal and psychological stress responses of female collegiate basketball players competing in free-throw shooting. Specifically, levels of alpha-amylase, cortisol, and testosterone were assessed before and after a simulated free-throw competition. Furthermore, these hormonal responses were examined by competition outcome (winners vs. losers) and whether hormone levels were related to self-reported competition anxiety. The present study hypothesized winners would have lower levels of competitive anxiety, cortisol, and alpha-amylase while having a higher level of testosterone.
Methods

Study Overview
A simulated free-throw competition was used to evaluate the psychophysiological responses to competition in female collegiate basketball players. Following Institution Review Board approval, the assistant basketball coach was approached early in the summer about the study. Data collection occurred within the first couple of weeks of the team's preseason in early August 2015. One week before the free-throw shooting competition, athletes were informed about the study and consented to participate. On the day of the free-throw shooting competition, athletes completed a measure of competition anxiety and provided saliva samples using the passive drool method.
Participants
Twelve NCAA Division I collegiate female basketball players participated, with a total of 3 freshman, 4 sophomores, 2 juniors, 2 seniors, and 1 fifth-year senior. The racial/ethnic distribution of the sample was 58.3% White, 25% multiethnic, 8.3% African American, and 8.3% Hispanic, with a mean age of 19.6 (SD = 1.4) years. None of the participants had injuries preventing them from participating in the free-throw shooting competition. All participants were informed of the benefits and risks of the study before consenting to participate.
Measures
Sport Anxiety Scale-2 (SAS-2). The SAS-2 (Smith, Smoll, Cumming, & Grossbard, 2006 ) is a 15-item scale that quantifies total competitive anxiety and anxiety on three subscales (somatic, worry, and concentration disruption). Items on the SAS-2 reflect responses that athletes may have before or while competing in sports (e.g., "My muscles feel shaky," "I worry that I will let others down," "I cannot think clearly during the game"). Each of the three subscales is represented by responses to five questions. Participants say how they typically felt based on a JCSP Vol. 11, No. 3, 2017 4-point Likert scale (not at all = 1; very much = 4). The SAS-2 has been reported to be internally consistent (Cronbach's α = .80) for all three subscales and for the total score (α = .91; Smith et al., 2006) . Reliability estimates using Cronbach's α for the subscales as well as total score in the present sample were excellent: somatic (α = .87), concentration disruption (α = .90), worry (α = .96), and SAS-2 total (α = .95).
Procedures
The free-throw shooting competition occurred after a regularly scheduled practice (3:30 p.m.) due to time and scheduling constraints imposed by the team. Participants met in a team meeting room, where they reported waking time, time since last meal, and any medications taken, as well as completed the competitive anxiety scale.
Participants provided their first saliva sample (precompetition) 20 min before the free-throw shooting competition. For saliva collection, participants were told not to drink any water for 10 min before providing their first sample. Saliva samples were collected through the passive drool method. Specifically, athletes were told to swallow, allow saliva to pool in their mouth, and once an adequate pool had formed, tilt their head forward, gently forcing saliva through a collection aid into a vial. Athletes were asked to fill vials to a premarked line at 1 ml. Collection times were recorded using a stopwatch and were used in calculations for alpha-amylase to account for saliva flow rate. Immediately following each collection, samples were stored in a cooler with ice.
After providing their first saliva sample, athletes were moved to an indoor practice facility, instructed on the competition, and sorted into groups. Coaches were present to induce added psychological stress. Immediately following the competition, athletes went back to the meeting room and provided their second saliva sample (5 min postcompetition). After providing their second sample and waiting an additional 15 min, participants provided a third sample (20 min postcompetition).
Free-Throw Shooting Competition. The indoor practice gym consisted of a full court with an additional 4 retractable basketball hoops. Athletes were paired in groups of 2 by an assistant coach based on their shooting ability for a total of 6 groups. The free-throw shooting competition lasted 20 min, during which athletes were instructed to shoot one shot and then switch with the other person in their group. A visible clock was set to 20 min, so all athletes were aware of how much time was remaining. Athletes' scores were recorded by an assistant placed at each hoop. To induce added psychological stress, athletes were told before the competition that their individual scores would be given to their head coach. Winners of each group were determined by those who had made the most free throws in their group. Saliva Analysis. Comparisons were drawn between pre-and postcompetition levels of salivary alpha-amylase, cortisol, and testosterone. Studies show that alphaamylase responses peak within 10 min of a stressful stimulus (Nater et al., 2005; Rohleder, Nater, Wolf, Ehlert, & Kirschbaum, 2004) , which is typically quicker than cortisol (e.g., Gordis, Granger, Susman, & Trickett, 2006) . Therefore, we used the collection at 5 min postcompetition for alpha-amylase and 20 min postcompetition for both cortisol and testosterone.
Saliva samples were centrifuged at 3,000 rpm for 15 min to remove mucins. Samples were assayed for cortisol (enzyme immunoassay) using commercially available reagents (Salimentrics, State College, PA, USA) without modification to the manufacturer's recommended protocols, based on Granger et al. (2007) . Samples were assayed for alpha-amylase using a commercially available kinetic reaction assay without modification to the manufacturer's protocol (Salimetrics, State College, PA, USA), with the saliva flow rate (ml • min -1 ) determined by dividing saliva volume by collection time. Alpha-amylase levels are reported as corrected values (U/min). Salivary testosterone was quantified using a double antibody radioimmunoassay for total serum testosterone. The assay was 200 μl of saliva, with a minimum detection limit of 0.8 pg/ml and maximum of 250 pg/ml. Samples were tested in the same series. Intra-and interassay coefficients of variation for testosterone were 4.6% and 12.7%, respectively. The intra-assay maximum coefficient of variation was less than 7% for alpha-amylase and 3.7% for cortisol. The interassay maximum coefficient of variation was 5.8% for alpha-amylase and 6.4% for cortisol.
Statistical Analyses
Nonparametric tests were used due to nonnormally distributed data. The Wilcoxon Signed Ranks Test for matched pairs was used to compare cortisol, alpha-amylase, and testosterone levels from pre-to postcompetition. The Mann-Whitney U test was used to determine if winners and losers differed on (a) total and subscale anxiety scores, (b) precompetition cortisol, alpha-amylase, and testosterone levels, and (c) postcompetition cortisol, alpha-amylase, and testosterone levels. Spearman's rho coefficients were calculated to examine the strength of associations between selfreported competitive anxiety and (a) precompetition cortisol, alpha-amylase, and testosterone and (b) postcompetition cortisol, alpha-amylase, and testosterone. A two-sided threshold of p < .05 was used to determine statistical significance. All analyses were performed using SPSS software version 22.0.
Results
Descriptive statistics for hormone and anxiety levels are presented in Table 1 . Wilcoxon tests for matched pairs revealed significant decreases in cortisol (Z = -3.06, p = .002) and testosterone (Z = -2.67, p = .008) across time but no significant change for alpha-amylase (Z = -1.33, p = .18). Mean cortisol (.18 ug/dL) and testosterone (49.8 pg/ml) levels postcompetition were lower than precompetition levels of cortisol (.26 ug/dL) and testosterone (62.1 pg/ml).
Mann-Whitney U tests were carried out to examine if there were any statistically significant differences between winners and losers for hormone or competition anxiety levels. Specifically, winners and losers did not differ on somatic (Z = -.57, p = .57), worry (Z = -.1.69, p = .09), concentration disruption (Z = -1.23, p = .22), or total anxiety (Z = -1.94, p = .052). Furthermore, winners and losers did not differ on precompetition alpha-amylase (Z= -1.12, p = .26), cortisol (Z = -.96, p = .34), or testosterone (Z = -.96, p = .34). Likewise, there were no statistically significant differences for postcompetition alpha-amylase (Z= -.32, p = .75), cortisol (Z = -.48, p = .63), or testosterone (Z = -1.12, p = .26).
According to the Spearman's rho coefficient analyses, concentration disruption (rho = .63, p = .03) and total competitive anxiety (rho = .68, p = .02) were positively correlated with precompetition cortisol. Concentration disruption also correlated (Table 2) .
Discussion
There were several key findings to this investigation. First, we found that levels of cortisol and testosterone following a simulated free-throw shooting competition were lower than precompetition levels. Second, winners and losers did not differ significantly on competitive anxiety or hormone responses to the competition. Finally, total competitive anxiety was positively related to precompetition cortisol, while concentration disruption was positively related to pre-and postcompetition cortisol and postcompetition testosterone. Our findings of declining testosterone and cortisol levels in response to competition are at odds with some previous research, while aligning with other investigations. The sometimes conflicting findings between studies are likely attributable to a variety of factors, including sex differences. Men and women, for example, often show different hormonal patterns to competition (Kivlighan & Granger, 2006; Mazur, Susman, & Edelbrock, 1997; van Anders & Watson, 2007) . Unfortunately, however, relatively few investigations have examined whether sex influences the hormonal responses to nonphysical competition. Mirroring the results of our investigation, Mazur et al. (1997) found that women experienced a downward trajectory in testosterone and cortisol levels throughout a video-game competition. In that same investigation, men experienced a precompetition rise in testosterone, which was maintained throughout competition, while simultaneously experiencing declines in cortisol (Mazur et al., 1997) . This interlinking of testosterone and cortisol changes in women but not in men may stem from the fact that the primary source of production for both hormones is the same in women (adrenal glands) but not in men (Bateup et al., 2002; Mazur et al., 1997) . Beyond the effects of sex, the nature of the task (physical vs. nonphysical) should be considered when interpreting hormonal changes to competition. Research on the testosterone responses to predominantly physical competitionsuch as soccer, rugby, and wrestling-has found that testosterone levels rise from pre-to postcompetition in women (Bateup et al., 2002; Edwards et al., 2006; Hamilton, van Anders, Cox, & Watson, 2009) . Taking those findings with the current study and Mazur et al. (1997) indicates that women may be more likely to experience no change or a decrease in testosterone levels when participating in some types of nonphysically demanding competition, although this observation in not completely uniform (Carré, Baird-Rowe, & Hariri, 2014) . These conflicting results have been observed with respect to cortisol responses as well, with consistent increases from pre-to postcompetition observed in women competing in physically demanding tasks (Bateup et al., 2002; Edwards et al., 2006) but not for mentally or psychologically demanding competition (Costa & Salvador, 2012; Mazur et al., 1997) .
No significant differences between winners and losers of the free-throw shooting competition were apparent for anxiety or hormonal responses. Carré and Olmstead (2015) recently reviewed the literature on the effects of competition outcome on testosterone reactivity and concluded that, although numerous studies show winners have greater responses than do losers, research in women is equivocal. In fact, most studies (60%) conducted with women have shown no significant differences in testosterone reactivity between winners and losers, while a relatively equal percentage has shown greater testosterone increases in either winners or losers (Carré & Olmstead, 2015) . Therefore, our findings are in agreement with most previous research in women that has failed to show significant differences in testosterone reactivity based on competition outcome.
Although we did not find significant differences in self-reported anxiety between winners and losers, both worry (Z = -1.69, p = .09) and total anxiety (Z = -1.94, p = .052) showed trends toward being significantly greater among losers. Given our small sample size, we cannot definitively conclude that there was a lack of modest anxiety differences between winners and losers. Despite the lack of statistically significant differences between winners and losers, we observed that several aspects of anxiety-total and concentration disruption anxiety-were positively correlated with cortisol levels, which is consistent with previous literature in sport-based competition settings (Doan, Newton, Kraemer, Kwon, & Scheet, 2007; Haneishi et al., 2007) .
Limitations
This study had several limitations worth noting. Although intentions were to observe female athletes' responses to competitive stress and examine their hormonal reactions, our sample size was small and limited our potential to detect modest differences between winners and losers. The timing of saliva collection in relation to the free-throw competition is also an important consideration when interpreting the results of this investigation. Athletes participated in the free-throw competition after a full practice and, as mentioned previously, physical exercise tends to increase both cortisol and testosterone. Consequently, it is possible that the declines observed were due in part to elevated hormone levels after practice.
In addition, in most studies examining stress response hormones using saliva testing, a baseline collection is used for comparison purposes. However, no baseline collection on a rest day was used for comparison in the current study. Further, our saliva collection did not capture an extended recovery period to accurately assess the recovery curve of cortisol. Based on recommendations from Granger et al. (2007) , obtaining additional samples 30 and 60 min postcompetition would have given a better profile of return to baseline for the athletes. Finally, the free-throw shooting competition may have been limited in the amount of stress that it induced, at least in comparison with a real game.
Strengths of the study included using both physiological and psychological measures to assess the interrelationships between these variables. We also attempted to collect salivary samples in authentic settings, rather than in a laboratory, through tasks performed in competition (i.e., free-throw shooting).
Practical Applications
Coaches commonly strive for replicating the stress experienced during games in a practice setting. The present study attempted to create a competition to induce the stress that female athletes may feel when shooting free throws during a game. Although we did not note any statistically significant differences between winners and losers on competitive anxiety or hormones, there were positive relationships between competitive anxiety and cortisol levels before and following the competition. Men and women react differently to stress, and this area has been studied in regard to HPA activation, autonomic responses, and sex steroids (Verma, Balhara, & Gupta, 2011) . Models such as the "tend and befriend" in women and "fight or flight" in men have been used to explain the differences between genders (Verma et al., 2011) . The physiological response to social rejection appears to be greater in women, whereas men have been found to be more reactive to achievement-based challenges (Stroud, Salovey, & Epel, 2002) . Thus, for female athletes the stress response to a competition may be more dependent on the fear of letting others down rather than on the strength of the opponent. Stroud et al. (2002) suggest women's greater reactivity to interpersonal rejection stress may put them at an increased risk for depression, so it is critical to help female athletes reduce excessive competitive anxiety.
Reducing competitive anxiety and the negative effects it can have on physiological responses is a major reason coaches attempt to replicate stress experienced during games in a practice environment. However, rather than increasing exposure to stressful situations, coaches and those working with female teams may benefit more by facilitating positive relations with their team and training their athletes to focus more on the process versus the outcome, while valuing the individual strengths they bring to the team (Dale & Robbins, 2010) . These tactics would facilitate a supportive environment and help female athletes focus on themselves rather than on others. In addition, implementing education and training on techniques such as deep breathing, cognitive restructuring, and mindfulness may be ways of helping female athletes combat performance anxiety. Achieving desired psychological states before competition and modifying arousal levels during competition are essential to helping athletes achieve their optimal performance. 
Conclusion
The results of this investigation provide preliminary results describing the psychophysiological stress responses to skills-related basketball competition in female collegiate athletes. In line with some previous research, it appears that female athletes experienced a decrease in testosterone levels when participating in nonphysically demanding competition. While there were no apparent differences in the hormonal responses between winners and losers, several aspects of competitive anxiety positively correlated with cortisol levels both before and after competition. Individual hormonal responses to competition are likely to depend on a variety of factors besides competition outcome, including an athlete's individual perception of stress and anxiety. Future studies should continue to examine the hormonal responses to a variety of stressors encountered by basketball players, and it will be crucial for these investigations to separate the effects of physical and psychological stress to clearly elucidate the factors that are driving changes in hormone responses to competition.
